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Abstract An H5N1 highly pathogenic avian influenza
virus was isolated from conjunctiva of a whooper swan
with neurological signs, which was captured during the
latest H5N1 HPAI outbreak in Japan. The conjunctival
swab contained a larger amount of the virus in comparison
with the tracheal swab. This is the first report on H5N1
virus isolation from the conjunctiva of a wild bird, and the
result may suggest the conjunctival swab to be a critical
sample for H5N1 HPAIV detection in waterfowl. Phylo-
genetic analysis of the HA gene indicated that the virus
falls into H5N1 clade 2.3.2.1.
Wild birds, especially waterfowl and shorebirds, are con-
sidered natural reservoirs for avian influenza virus (AIV),
and it is known that these birds can carry various subtypes
of AIV with little or perhaps no impact on their health [20].
However, in 2002, outbreaks of H5N1 highly pathogenic
AIV (HPAIV) started in Hong Kong, where deaths of many
wild birds were recorded [5, 17]. Since then, Japan has
experienced three H5N1 outbreaks. The third outbreak,
which occurred during the winter season between 2010 and
2011, was the worst ever experienced in this country,
affecting 24 chicken farms in nine prefectures. Prior to and
during the big poultry outbreaks, thousands of wild birds of
various species were found dead or moribund. Importantly,
isolation of the H5N1 virus from the fecal samples of ducks
at Lake Onuma, Hokkaido, in October 2010 is regarded as
the earliest case of viral isolation. Subsequently, the H5N1
virus was isolated from 63 wild birds in 17 prefectures
throughout Japan [16]. There has been an increasing
interest in the ecology of wild birds, since AIVs are known
to spread during their migration period [12, 20]. The latest
H5N1 highly pathogenic avian influenza (HPAI) outbreak
in Japan indeed highlighted the importance of AIV sur-
veillance in wild birds that can carry viruses between
geographic areas. In AIV surveillance, cloacal and tracheal
swabs are generally collected, but we describe here the
isolation of H5N1 HPAIV from a conjunctival swab from a
whooper swan with neurological signs that was captured in
Japan.
In early 2011, an emaciated whooper swan showing
neurological signs, including uncontrollable head shaking,
was captured by a surveillance team of the Ministry of the
Environment in Hamanaka, Hokkaido. Screening tests
using rapid immunochromatographic diagnostic kits for
humans, such as Espline Influenza A&B-N (Fujirebio Inc.,
Tokyo, Japan) and Rapid Testa FLUII (Sekisui Medical
Co. Ltd., Tokyo, Japan), which detect the internal protein
of influenza A virus, were negative for cloacal and tracheal
swabs collected from the diseased swan. In addition to
these swabs, a conjunctival swab was taken from the swan
at our request, and all three samples were sent to our lab-
oratory for further investigation.
Virological and genetic analyses on the samples were
performed as described previously [3]. Real-time reverse
transcription polymerase chain reaction (RRT-PCR) for the
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matrix gene was positive for the cloacal, tracheal and
conjunctival samples. However, the conjunctival sample
had a lower Ct value (29.5) than the tracheal (33.2) and
cloacal (39.4) samples. The virus was isolated from em-
bryonating chicken eggs inoculated in the allantoic cavity
with the original tracheal and conjunctival samples, but not
the cloacal sample. However, we were only able to obtain a
viral titer from the conjunctival swab sample (103.8 EID50/
ml). The virus was isolated from two of the three eggs
inoculated with the undiluted tracheal sample, but not from
any of the eggs inoculated with diluted tracheal samples.
Therefore, calculation of the virus titer by the Behrens–
Ka¨rber method was not applicable for the results on the
tracheal sample. The conjunctival sample was confirmed to
contain the H5N1 virus by subtype specific RT-PCR using
the H5 primer and the N1 primer reported by Lee et al. [8]
and Qiu et al. [13], respectively (Table 1). The virus iso-
lated from the conjunctival swab was designated as
A/whooper swan/Hamanaka/2011 (H5N1) (Ws/HN/11).
The entire genome sequence of Ws/HN/11 was com-
pared with those of other H5N1 HPAIVs. All of the genes
of this isolate were similar to those of other H5N1 viruses
isolated in Japan in 2011 [16], and they were also closely
related to those of Mongolian and Korean strains isolated
in 2009-2010 and 2010-2011, respectively (Table 2). The
HA cleavage site sequence of Ws/HN/11 has the typical
sequence motif of a virulent type, SPQRERRRKR/GLF.
The NA gene of Ws/HN/11 has a deletion of 20 amino
acids from positions 49 to 68, which has been reported to
be a marker of a highly virulent virus [9]. In the NS gene of
Ws/HN/11, there is a deletion of five amino acids at
position 80-84, indicating high virulence as reported in
other H5N1 strains [10]. The genetic features in the
NA and NS genes were common to all of the H5N1
HPAIVs isolated in Japan during 2010 and 2011 (data not
shown).
Phylogenetic analysis of the HA gene clearly indicated
that Ws/HN/11 belongs to the Eurasian lineage. The isolate
fell into clade 2.3.2.1, similar to other H5N1 strains iso-
lated in Japan, Mongolia, and Korea between 2008 and
2011 [16]. The H5N1 strains isolated in Japan in 2008 form
a single branch separated from the 2011 strains including
Ws/HN/11 in clade 2.3.2.1 (Fig. 1). The H5N1 strains
isolated in Japan can be divided into three disparate clades:
2.5, 2.2 and 2.3.2.1. The results seem to suggest that H5N1
viruses circulating in Asian countries are undergoing
genetic change, possibly by antigenic drift and/or positive
selection under immunological pressures as described by
Sakoda et al. [16]. Continuous efforts for characterizing the
viral genes of the influenza virus variants should be of
extreme importance.
Rapid influenza diagnostic kits for humans have been
utilized in field surveillance for AIVs and in the frontline
laboratories fighting against AIVs in Japan. Essentially,
those kits were developed to detect the nucleoprotein or
matrix protein of influenza A virus, which are known to
be conserved not only in human influenza viruses but also
in AIVs. However, the sensitivity of the kit to swab
samples from animals would be lowered by genetic
incompatibilities in the viruses, and further by the pres-
ence of feces and/or unrelated proteins in the samples, as
reported previously [15]. In this study, the rapid tests
failed to detect AIV from the tracheal and cloacal swab
Table 1 Isolation of A/whooper swan/Hamanaka/2011 (H5N1) from






H5 N1 (log EID50/ml)
Cloacal 39.4 Negative Negative \1.5c
Tracheal 33.2 Negative Negative \1.5d
Conjunctival 29.5 Positive Positive 3.8
a Real-time RT-PCR for the matrix gene
b RT-PCR using swab samples for subtyping avian influenza viruses
c No virus was isolated from the three eggs inoculated with the
undiluted sample
d The virus was isolated from two of the three eggs inoculated with
the undiluted sample, but not from any eggs with diluted samples.
Therefore, calculation of the virus titer by the Behrens–Ka¨rber
method was not applicable for the results
Table 2 Sequence comparison between A/whooper swan/Hamanaka/
2011 (H5N1) and other H5N1 strains isolated in Japan (2011),
Mongolia (2009–2010), and Korea (2010–2011)
Gene
segment






PB2 99.17c 99.60e 99.95
PB1 99.08c 99.34f 100.00
PA 99.50c 99.62e 99.95
HA 99.42d 99.41g 99.88
NP 99.88c 99.19e 100.00
NA 99.63d 99.11e 100.00
M 99.07c 99.06f 99.89
NS 99.63c 99.75f 100.00
a Nucleotide sequence of A/whooper swan/Hamanaka/2011 (H5N1)
are available in GenBank with the accession numbers CY110735 to
CY110742
b Compared with A/whooper swan/Hokkaido/4/2011
c Compared with A/whooper swan/Mongolia/6/2009
d Compared with A/whooper swan/Mongolia/21/2010
e Compared with A/mallard duck/Korea/W404/2011
f Compared with A/mallard/Korea/1195/2010
g Compared with A/mandarin duck/Korea/K10-485/2010
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samples of the H5N1 infected whooper swan; however,
the conjunctival sample was not tested using the rapid
tests. Thus, this study verified the problem of the
sensitivity of rapid diagnostic kits and revealed an urgent
need for a more sensitive rapid diagnostic tool for AI
control and pandemic preparedness.
Fig. 1 Phylogenetic analysis of
the full-length HA genes of
A/whooper swan/Hamanaka/
2011 (H5N1) indicated by d,
H5N1 strains isolated after 2008
from Japan (s), Mongolia (m),
and Korea (j), and other
representative strains of H5N1.
The evolutionary history was
inferred using the neighbor-
joining method. Numbers at
each branch point indicate
bootstrap values C50 % in the
bootstrap interior branch test.
The evolutionary distances were
computed using the Tamura-Nei
method and are in units of base
substitutions per site. All
positions containing gaps and
missing data were eliminated
from the dataset (Complete
deletion option). There were a
total of 1581 positions in the
final dataset. Phylogenetic
analysis was conducted in
MEGA4. The scale bar indicates
0.005 nucleotide substitutions
per site. Ck, chicken; Dk, duck;
Gs, goose; MHE, mountain
hawk-eagle
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The H5N1 virus was isolated from the conjunctival and
tracheal swabs, but not from the cloacal swab of the dis-
eased whooper swan. Unexpectedly, the conjunctival swab
contained a larger amount of the virus in comparison with
the tracheal swab (Table 1). Cloacal and tracheal or oro-
pharyngeal swabs are usually used for the surveillance and
diagnosis of AIVs. However, the present result may sug-
gest the conjunctival swab to be a critical sample for H5N1
HPAIV detection in waterfowl. It was reported that the
detection rate of low-pathogenic AIV in wild mallards was
much higher in cloacal than in oropharyngeal samples [6].
In contrast, in experimental infections with recent H5N1
HPAIVs from Asia in wild waterfowl, the virus isolation
rate was higher in oropharyngeal swabs with higher titers
than in cloacal swabs [1, 7, 18], suggesting that the
digestive tract of waterfowl is not the main replication site
of recent H5N1 HPAIVs. Interestingly, the most commonly
observed sign of H5N1 virus infection in mallards was
cloudy eyes [18]. The eye also seems to be one of the
targets for HPAIV replication in other waterfowl [2],
chickens [11] and humans [4, 19]. Although this study
describes only one case of a diseased swan, the viral
antigens were detectable from the conjunctival swabs of
other diseased swans and ducks, but not from cloacal or
tracheal swabs, when using the rapid influenza diagnostic
kit. Between January and April in 2010, in the southeastern
region of Hokkaido, including Hamanaka, where the
whooper swan described in this paper was captured, the
government or local authority captured a total of 42 dead or
emaciated wild birds. Most of the birds were waterfowl
such as swans and ducks, but raptors and cranes were also
included. The cloacal and tracheal swabs collected from
those birds were tested using rapid kits at the site of cap-
ture, and they were also forwarded to the authorized lab-
oratory for genetic analysis. Among the 42 birds, 10 were
confirmed by genetic analysis to be positive for H5N1
infection. The bird species with the positive results were
either swans or ducks. Out of the 10 cases, four were
negative or undetermined because of a marginal result
when the cloacal and tracheal swabs were tested using the
rapid tests. Among the four negative cases, conjunctival
swab samples were, by chance, collected from two whoo-
per swans and one duck. All three conjunctival samples
showed positive results in the rapid tests. Another inter-
esting finding is that two additional whooper swans that
were captured alive, in addition to the one described in this
paper, showed neurological signs [14].
Additional, larger-scale studies on conjunctival swab
samples collected from infected wild birds or poultry
would evaluate the reliability of a conjunctival swab for
AIV diagnosis and surveillance. Such studies might also
clarify the possible relationship between neurological signs
and the viral replication in the conjunctiva of waterfowl
infected with HPAIV.
Acknowledgements We would like to thank Sachiko Matsuda for
technical assistance. We are grateful to Florian Aldehoff, University of
Alaska Fairbanks, and Eric Bortz, Mount Sinai School of Medicine, for
their help on the sequence submission. We would also like to thank
Dr. Kikuyasu Nakamura, National Institute of Animal Health, Japan,
for very useful suggestions. This work was partially supported by the
US National Institute of Allergy and Infectious Diseases (NIAID con-
tracts HHSN266200700009C and HHSN266200700007C).
References
1. Brown JD, Stallknecht DE, Beck JR, Suarez DL, Swayne DE
(2006) Susceptibility of North American ducks and gulls to H5N1
highly pathogenic avian influenza viruses. Emerg Infect Dis
12:1663–1670
2. Brown JD, Stallknecht DE, Swayne DE (2008) Experimental
infection of swans and geese with highly pathogenic avian
influenza virus (H5N1) of Asian lineage. Emerg Infect Dis
14:136–142
3. Bui VN, Ogawa H, Xininigen Karibe K, Matsuo K, Awad SS,
Minoungou GL, Yoden S, Haneda H, Ngo LH, Tamaki S, Ya-
mamoto Y, Nakamura K, Saito K, Watanabe Y, Runstadler J,
Huettmann F, Happ GM, Imai K (2012) H4N8 subtype avian
influenza virus isolated from shorebirds contains a unique PB1
gene and causes severe respiratory disease in mice. Virology
423:77–88
4. Chan PK (2002) Outbreak of avian influenza A(H5N1) virus
infection in Hong Kong in 1997. Clin Infect Dis 34(Suppl
2):S58–S64
5. Chen H, Smith GJ, Zhang SY, Qin K, Wang J, Li KS, Webster
RG, Peiris JS, Guan Y (2005) Avian flu: H5N1 virus outbreak in
migratory waterfowl. Nature 436:191–192
6. Ellstro¨m P, Latorre-Margalef N, Griekspoor P, Waldenstro¨m J,
Olofsson J, Wahlgren J, Olsen B (2008) Sampling for low-
pathogenic avian influenza A virus in wild Mallard ducks: oro-
pharyngeal versus cloacal swabbing. Vaccine 26:4414–4416
7. Keawcharoen J, van Riel D, van Amerongen G, Bestebroer T,
Beyer WE, van Lavieren R, Osterhaus AD, Fouchier RA, Kuiken
T (2008) Wild ducks as long-distance vectors of highly patho-
genic avian influenza virus (H5N1). Emerg Infect Dis 14:600–
607
8. Lee MS, Chang PC, Shien JH, Cheng MC, Shieh HK (2001)
Identification and subtyping of avian influenza viruses by reverse
transcription-PCR. J Virol Methods 97:13–22
9. Liu J, Xiao H, Lei F, Zhu Q, Qin K, Zhang XW, Zhang XL, Zhao
D, Wang G, Feng Y, Ma J, Liu W, Wang J, Gao GF (2005)
Highly pathogenic H5N1 influenza virus infection in migratory
birds. Science 309:1206
10. Long JX, Peng DX, Liu YL, Wu YT, Liu XF (2008) Virulence of
H5N1 avian influenza virus enhanced by a 15-nucleotide deletion
in the viral nonstructural gene. Virus Genes 36:471–478
11. Nakamura K, Imada T, Imai K, Yamamoto Y, Tanimura N,
Yamada M, Mase M, Tsukamoto K, Yamaguchi S (2008)
Pathology of specific-pathogen-free chickens inoculated with
H5N1 avian influenza viruses isolated in Japan in 2004. Avian
Dis 52:8–13
12. Olsen B, Munster VJ, Wallensten A, Waldenstrom J, Osterhaus
AD, Fouchier RA (2006) Global patterns of influenza a virus in
wild birds. Science 312:384–388
454 V. N. Bui et al.
123
13. Qiu BF, Liu WJ, Peng DX, Hu SL, Tang YH, Liu XF (2009) A
reverse transcription-PCR for subtyping of the neuraminidase of
avian influenza viruses. J Virol Methods 155:193–198
14. Saito K (2011) Outbreak of HPAI on wild birds in Hokkaido
Japan, and information sharing of infectious diseases. In: The
27th International Symposium in Regional Research Institute of
Agricultural Production, Fujisawa, Japan, (Abstract available
upon requests)
15. Sakai-Tagawa Y, Ozawa M, Tamura D, Le MQ, Nidom CA,
Sugaya N, Kawaoka Y (2010) Sensitivity of influenza rapid
diagnostic tests to H5N1 and 2009 pandemic H1N1 viruses.
J Clin Microbiol 48:2872–2877
16. Sakoda Y, Ito H, Uchida Y, Okamatsu M, Yamamoto N, Soda K,
Nomura N, Kuribayashi S, Shichinohe S, Sunden Y, Umemura T,
Usui T, Ozaki H, Yamaguchi T, Murase T, Ito T, Saito T, Takada
A, Kida H (2012) Reintroduction of H5N1 highly pathogenic
avian influenza virus by migratory water birds, causing poultry
outbreaks in the 2010–2011 winter season in Japan. J Gen Virol
93:541–550
17. Sturm-Ramirez KM, Ellis T, Bousfield B, Bissett L, Dyrting K,
Rehg JE, Poon L, Guan Y, Peiris M, Webster RG (2004)
Reemerging H5N1 influenza viruses in Hong Kong in 2002 are
highly pathogenic to ducks. J Virol 78:4892–4901
18. Sturm-Ramirez KM, Hulse-Post DJ, Govorkova EA, Humberd J,
Seiler P, Puthavathana P, Buranathai C, Nguyen TD, Chaisingh
A, Long HT, Naipospos TS, Chen H, Ellis TM, Guan Y, Peiris JS,
Webster RG (2005) Are ducks contributing to the endemicity of
highly pathogenic H5N1 influenza virus in Asia? J Virol 79:
11269–11279
19. Tam JS (2002) Influenza A (H5N1) in Hong Kong: an overview.
Vaccine 20(Suppl 2):S77–S81
20. Webster RG, Bean WJ, Gorman OT, Chambers TM, Kawaoka Y
(1992) Evolution and ecology of influenza A viruses. Microbiol
Rev 56:152–179
H5N1 avian influenza virus from a whooper swan 455
123
